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TITLE OF THE INVENTION 
PARALLEL SIGNAL AUTOMATIC PHASE ADJUSTING CIRCUIT 



5 BACKGROUND OF THE INVENTION 

1 } Field of the Invention 

The present invention relates to a parallel signal 
H automatic phase adjusting circuit suitable for use in a 

p communication system in which digital data are transmitted in 

|j 10 parallel between system components constituting the 
hi communication system. 

In general, digital data are transmitted between system 
components as shown in FIG. 19. That is, a system component 
100A placed on the side of transmission transfers data and a 
GJ 15 clock in synchronism with the data to a system component 100B 
on the receiving side. The system component 100B on the 
receiving side receives data in synchronism with the clock 
received from the transmission side. In this way, data 
transmission can be accomplished. When data are transmitted 
20 from the system component 100B to a system component 100C, 
similar operation is executed. 

At this time, if digital data are transmitted at a 
relatively high transmission rate, a time period allowable to 
be assigned to one time slot becomes short. For this reason, 
25 a margin between signal phases (allowance in difference between 
signal phases upon controlling the synchronism of the signal 
transmission) becomes small. As a result, when a clock signal 
is applied to a memory cell or the like to trigger data output , 



1 



the timing of clock signal can be influenced from change in 
temperature, a power supply voltage and so on. Also, the 
allowable time period in which the receiving side unit can intake 
the received data can be influenced from change in the 
5 temperature, the power supply voltage , and so on. Therefore, 
to keep reliability in data transmission becomes difficult. 
Furthermore, even if the data transmission system is designed 
while the change in the temperature, the power supply voltage 

:; and so on are taken into account , it is still necessary to absorb 

J 

W 10 scattering in phase characteristic due to the deviation of the 

f[ manufacturing step thereof. 

y 

ij That is, it is requested for the communication apparatus 

Mi: on the receiving side to absorb the scattering of the phase 

characteristic due to the change in temperature, power supply 
15 voltage, deviation of the manufacturing step and so on as 
described above, thereby to adjust the phase difference between 
the data signal and the clock signal automatically. 

FIG. 20 is a diagram showing a parallel signal automatic 
phase adjusting circuit for automatically adjusting the phase 
20 difference between the data signal and clock signal described 
above . As shown in FIG. 20 , the parallel signal automatic phase 
adjusting circuit is arranged to include N- frequency dividing 
circuit 101, a phase comparator 102 for generating a clock CK 
in synchronism with a data signal DT, a variable delay circuit 
25 103 and a PLO (Phase Locked Oscillator) 104. 

The N-frequency dividing circuit 101 is a circuit for 
converting the inputted clock CK into a signal having one N-th 
frequency. The phase comparator 102 is a component for 
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comparing the clock CK1 outputted from the phase locked 
oscillator 104 provided on the downstream stage with the data 
signal DT in phase and outputting a signal corresponding to 
the phase difference. The variable delay circuit 103 is a 
5 component for effecting delay on the clock N-divided by the 
N- frequency dividing circuit 101 so that the frequency divided 
clock becomes synchronized with the data signal DT. 

yi The PLO 104 is supplied with the clock signal made 

Q 

|S; synchronism in phase with the data signal DT from the variable 

10 delay circuit 103. The PLO also generates a frequency signal 
Cj* having a frequency before the signal undergoes the N-f requency 

* y division into one N-th frequency, so that the frequency signal 

is synchronized with the clock signal in phase as a clock signal 
W CK1 . FIG . 21 is a diagram showing in more detail the arrangement 

015 of the PLO 104. As shown in FIG. 21, the PLO 104 is arranged 
to include a phase comparing circuit 104a, a low-pass filter 
104b, an amplifier 104c, a VCO (Voltage controlled Oscillator) 
104d, and an N-f requency dividing circuit 104e. 

In the above arrangement, the inputted clock signal CK 
20 is subjected to the frequency- division operation in the 

N-frequency dividing circuit 101 and thereafter supplied to 
the variable delay circuit 103. The variable delay circuit 
103 adjusts the phase of the clock having been subjected to 
the frequency-division operation in the N-frequency dividing 
25 circuit 101 in accordance with the phase difference information 
supplied from the phase comparator 102 . The PLO 104 is supplied 
with a signal from the variable delay circuit 103 and generates 
the clock signal CK1 having a frequency identical to that of 



3 



the input clock CK in synchronism with the data signal DT. 

Recently, a transmission apparatus driven at a 
transmission speed of about lOGbps is put into practice. Also, 
a transmission apparatus driven at a transmission speed of about 
5 lOGbps is placed under development. When the above -de scribed 
circuit for phase adjustment is arranged in an environment in 
which data is transmitted at about 40Gbps , the circuit for phase 
adjustment cannot be implemented on a general-use printed 
5? circuit board (FR-4) due to the characteristics of the circuit 

[M 10 elements. 

That is, one time slot width of a signal having a 
yy transmission speed of about 40Gbps is no more than 4mm. 

M Therefore, the phase adjustment technology is requested to be 

p 

yj advanced for handling the signal having so high transmission 

q 15 speed. However, it is impossible to directly adjust the phases 
of the electric signals having such a high transmission speed 
due to the characteristics of the circuit elements. 

FIG. 22 is a diagram showing an arrangement which intends 
to overcome the above -identified problem. In this arrangement , 

20 an input signal is subjected to a serial-parallel conversion 
(S/P) , each of the parallel- converted signals is made into one 
having a low transmission rate , and then each signal is subjected 
to a phase adjustment in a scheme similar to that described 
above with reference to FIG. 20. Thereafter, these signals 

25 are again multiplexed. As shown in FIG. 22, a data signal 
generated in a serial manner is subjected to the serial-parallel 
conversion and data signals DTI to DTn of n-channels deriving 
from the serial -parallel conversion is supplied to the circuit . 
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Then, a clock in synchronism with each of the data signals DTI 
to DTn is created independently. 

The phase comparator 102-1 to 102-n compares in phase 
corresponding one of the data signals DTI to DTn with a clock 
5 which has been frequency- divided into a signal having one N-th 
frequency by the N-frequency dividing circuit 101. Each of 
the variable delay circuits 103-1 to 103-n corrects the phase 
of the clock which has been frequency- divided into a signal 
O having one N-th frequency, in accordance with the phase 

W 10 difference information supplied from the corresponding phase 

UJ 

H comparator 102-1 to 102-n. The PLO 104-1 to 104-n is supplied 

m 

yj with a signal from the variable delay circuit 103-1 to 103-n. 

y= Thus , a clock signal CK1 to CKn which is in synchronism with 

THa the corresponding data signal DTI to DTn and has a frequency 

3515 identical to that of the input clock CK is created. 

In the circuit shown in FIG. 22, however, if the number 
of parallel signal lines is increased in proportion to increase 
of the transmission speed and if they are not shared among the 
parallel data lines, it becomes necessary to prepare a number 
20 of sets of the phase comparator, the variable delay circuit 
and the PLO . Therefore , the size of the apparatus becomes large , 
and cost is increase as the number of components is increased. 
Furthermore, the data transmitted through the parallel signal 
lines can suffer from erroneous operation when the data are 
25 multiplexed. 

SUMMARY OF THE INVENTION 
The present invention is made in view of the above aspect . 
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Therefore, it is an object of the present invention to provide 
a parallel signal automatic phase adjusting circuit which can 
suppress increase of the size of the circuit and hence suppress 
increase of cost for building the circuit, even if the circuit 
5 comes to handle a large number of parallel data signal lines. 

In order to attain the above object, according to one 
aspect of the present invention, there is provided a parallel 
u signal automatic phase adjusting circuit having a number of 

Jzf data signal channels inputted together with a clock signal and 

10 adjusting the clock signal so that the clock signal is 



synchronized with each of the data signals, the parallel signal 
M automatic phase adjusting circuit including a signal generator 

M* for generating a signal having a predetermined frequency smaller 

Id than a frequency which is utilized as the data signal or the 

□ 15 clock signal, an oscillating circuit for generating a clock 
signal having a frequency smaller than the inputted clock signal 
by the predetermined frequency generated from the signal 
generator, and adjusting circuits provided in correspondence 
to the respective data signal channels for effecting adjustment 
20 on the clock signal generated from the oscillating circuit so 
that the clock signal is synchronized with the corresponding 
data signal, based on an arithmetic operation of trigonometric 
functions using phase comparing information deriving from 
comparison between each of the data signal and the clock signal 
25 generated from the oscillating circuit and frequency 

information regarding the respective data signals, the clock 
signal generated from the oscillating circuit and the signal 
supplied from the signal generator. 
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According to a second aspect of the present invention, 
there is provided a parallel signal automatic phase adjusting 
circuit having a number of data signal channels inputted together 
with a clock signal and adjusting the clock signal so that the 
5 clock signal is synchronized with each of the data signals, 
the parallel signal automatic phase adjusting circuit including 
an oscillating circuit for generating a clock signal having 
M: a frequency smaller than the inputted clock signal by a 

p predetermined frequency , and adjusting circuits provided in 

y 10 correspondence to the respective data signal channels for 
K effecting adjustment on the clock signal generated from the 

= f ? oscillating circuit so that the clock signal is synchronized 

with the corresponding data signal, based on an arithmetic 
W operation of trigonometric functions using as a parameter, phase 

Ql5 comparing information deriving from comparison between each 
of the data signal and the clock signal generated from the 
oscillating circuit and respective frequency information. 

According to a third aspect of the present invention, 
there is provided a parallel signal automatic phase adjusting 
20 circuit having a number of data signal channels inputted together 
with a clock signal and adjusting the clock signal so that the 
clock signal is synchronized with each of the data signals, 
the parallel signal automatic phase adjusting circuit including 
adjusting circuits provided in correspondence to the respective 
25 data signal channels for effecting adjustment on the clock signal 
generated from the oscillating circuit so that each clock signal 
is synchronized with the corresponding data signal, wherein 
each of the adjusting circuits is arranged to include a phase 
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comparator for comparing the clock signal and the data signal 
in phase, and a trigonometric function calculating unit for 
effecting adjustment on the clock signal so that the clock signal 
is synchronized with the data signal, based on trigonometric 
function calculation using phase comparing information 
supplied from the phase comparator as a parameter. 

The parallel signal automatic phase adjusting circuit 
according to one aspect of the present invention may be more 
preferably modified in such a manner that each of the adjusting 
circuit is arranged to include a phase comparing delay circuit 
which is supplied with a signal from the signal generator, 
compares the corresponding data signal with the clock signal 
as a target of adjustment and generates phase comparing 
information therefrom as a result of comparison together with 
frequency information of a signal from the signal generator, 
and a calculating circuit for effecting adjustment on the clock 
signal generated from the oscillating circuit so that the clock 
signal is synchronized with the corresponding data signal based 
on the trigonometric function calculation using the clock signal 
supplied from the oscillating circuit and the information 
supplied from the phase comparing delay circuit. 

The parallel signal automatic phase adjusting circuit 
according to the second aspect of the present invention may 
be more preferably modified in such a manner that each of the 
adjusting circuit is arranged to include a phase comparing 
oscillating circuit which oscillates at a frequency identical 
to the predetermined frequency decreased by the oscillating 
circuit, compares the corresponding data signal with the clock 
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signal as a target of adjustment , and generates phase difference 
information therefrom as the frequency information, and a 
calculating circuit for effecting adjustment on the clock signal 
generated from the oscillating circuit so that the clock signal 
is synchronized with the corresponding data signal based on 
the trigonometric function calculation using the clock signal 
supplied from the oscillating circuit and the information 
supplied from the phase comparing delay circuit as parameters . 

The parallel signal automatic phase adjusting circuit 
according to the above invention may be preferably modified 
to include an inter- data phase adjusting circuit which is 
supplied with the clock signals having undergone adjustment 
by the respective adjusting circuits together with the 
corresponding data signal, and generates a plurality of kinds 
of data in synchronism with the timing of the most delayed clock 
signal. 

In this case, the inter-data phase adjusting circuit may 
be arranged to include a clock selecting circuit for selecting 
a clock signal having the most delayed timing from clock signals 
having undergone adjustment in the respective adjusting 
circuits , and a data output section for generating at the same 
timing data signals other than the data signal corresponding 
to the clock signal selected by the clock selecting circuit, 
based on the clock signal selected by the clock selecting 
circuit . 

The data output section is may be more preferably arranged 
to be composed of a number of data output units provided so 
as to correspond to the data signal channels respectively, each 



of the data output units being made up of a flop-flop circuit 
operable in response to the selected clock signal. 

Further, the parallel signal automatic phase adjusting 
circuit according to the above inventions may be modified in 
such a manner that the inter- data phase adjusting circuit is 
arranged to include a clock selecting circuit for selecting 
a clock signal having the most delayed timing from clock signals 
having undergone adjustment in the respective adjusting 
circuits, and for generating a data signal corresponding to 
the selected clock signal, a data output section for generating 
all of the data signals at the same timing based on the clock 
signal selected by the clock selecting circuit, and a register 
circuit section capable of compensating for a phase deviation 
exceeding one time slot amount based on bit information of 
respective data signals. 

In this case, the register circuit section may be arranged 
to include a plurality of shift registers connected in a cascade 
fashion so as to correspond to respective data signal channels, 
each of the shift registers being capable of holding data of 
corresponding data signal channel, and selectors provided so 
as to correspond to respective data signal channels so that 
each selector is supplied with an output signal from the shift 
registers in the corresponding data signal channel, all of the 
selectors being capable of outputting respective data stream 
at the same timing in response to a select signal useful for 
extracting data pieces having the same timing. 

Furthermore, each of the adjusting circuits may be 
arranged to include a temperature sensor for compensating for 
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the temperature dependability of the phase comparing 
information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a parallel signal 
automatic phase adjusting circuit according to a first 
embodiment of the present invention; 

FIG. 2 is a block diagram showing an arrangement of a 
PLO in the first embodiment of the present invention; 

FIG. 3 is a block diagram showing a phase comparing delay 
circuit in the first embodiment of the present invention; 

FIG. 4 is a diagram showing a phase comparing circuit 
in the phase comparing delay circuit in the first embodiment; 

FIG. 5 is a timing chart for explaining an operation of 
the phase comparing delay circuit in the first embodiment; 

FIG. 6 is a block diagram showing a delay circuit in the 
phase comparing delay circuit in the first embodiment; 

FIG. 7 is a block diagram showing a frequency converting 
circuit employed in the parallel signal automatic phase 
adjusting circuit as the first embodiment shown in FIG. 1; 

FIG . 8 is a block diagram schematically showing an optical 
communication system to which a first modification of the first 
embodiment according to the resent invention can be applied; 

FIG. 9 is a block diagram schematically showing a main 
portion of an optical relay regenerator employed in the optical 
communication system shown in FIG. 8; 

FIG. 10(a) is a block diagram showing a parallel signal 
automatic phase adjusting circuit according to a first 
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modification of the first embodiment of the present invention; 

FIG. 10(b) is a timing chart for explaining an operation 
of the first modification of the first embodiment shown in FIG. 
10(a); 

FIG. 11 is a block diagram showing a parallel signal 
automatic phase adjusting circuit according to a second 
modification of the first embodiment of the present invention ; 

FIGS. 12 (a) and 12(b) are diagrams for explaining the 
difference between the operations of the parallel signal 
automatic phase adjusting circuits as the first modification 
and the second modification of the first embodiment; 

FIG. 13 is a block diagram showing a parallel signal 
automatic phase adjusting circuit according to a third 
modification of the first embodiment of the present invention; 

FIG. 14 is a block diagram showing a parallel signal 
automatic phase adjusting circuit according to a second 
embodiment of the present invention; 

FIG. 15 is a block diagram showing a phase comparing 
oscillating circuit in the second embodiment of the present 
invention; 

FIG. 16 is a block diagram showing a parallel signal 
automatic phase adjusting circuit according to a third 
embodiment of the present invention; 

FIG. 17 is a diagram showing a phase compensating circuit 
employed in the parallel signal automatic phase adjusting 
circuit according to the third embodiment; 

FIG. 18 is a diagram showing a main portion of the phase 
compensating circuit employed in the automatic phase adjusting 
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circuit according to the third embodiment ; 

FIG. 19 is a diagram for explaining a system in which 
digital signals are transmitted and received in parallel between 
system components; 

FIG. 20 is a diagram of a parallel signal automatic phase 
adjusting circuit for automatically adjusting a phase between 
a data signal and a clock signal; 

FIG. 21 is a block diagram showing a main portion of the 
parallel signal automatic phase adjusting circuit shown in FIG. 
20; and 

FIG. 22 is a diagram showing a circuit for adjusting phases 
of parallel signals . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the present invention will be hereinafter 
described with reference to drawings . 

(al) Description of First Embodiment 
FIG. 1 is a block diagram showing a parallel signal 
automatic phase adjusting circuit as a first embodiment of the 
present invention. The parallel signal automatic phase 
adjusting circuit shown in FIG . 1 can be applied to a transmission 
system as shown in FIG. 19 in which plurality of digital data 
signals are transmitted in parallel between the system 
components 100A to 100C together with a clock signal. 

As shown in FIG. 1, the parallel signal automatic phase 
adjusting circuit 1 is supplied with a plurality of channels 
of data signals DTI to DTn as a set of parallel signals together 
with a clock signal CK1 . When the clock signal CK1 is supplied 
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to the parallel signal automatic phase adjusting circuit, this 
clock signal is subjected to an adjustment so that the clock 
signal is synchronized with each of the data signals DTI to 
DTn . To this end, the parallel signal automatic phase adjusting 
5 circuit 1 is arranged to include an N- frequency dividing circuit 
2, A CO oscillator 10 and a PLO (Phase Locked Oscillator) 20. 
Further, the parallel signal automatic phase adjusting circuit 
N is arranged to include phase comparing delay circuits 30-1 to 

O 30 -n and frequency converting circuits 40-1 to 40-n so that 

ff 5 

yg|10 each set of phase comparing delay circuit 30-1 to 30-n and 
III frequency converting circuit 40-1 to 40 -n is assigned to each 

of the processing channels of the data signals DTI to DTn . 
n In this case, the N-frequency dividing circuit 2 effects 

2? N-frequency dividing on the inputted clock signal CK so that 
M 1 5 the PLO becomes free from dependability when the POL is operated . 

The frequency dependability will be more fully described later 
on. Owing to the N-frequency dividing circuit 2, even if the 
clock signal has a high frequency, the PLO 20 can be operated 
with stability. 

20 The A CO oscillator 10 as a signal generator is a low 

frequency oscillator for generating a signal having a 
predetermined frequency of A co which is smaller than the 
frequency of the data signals DTI to DTn or the frequency o> 
of the clock signal CK1. The signal generated from the A co 

25 oscillator 10 is supplied to the PLO 20 and the phase comparing 
delay circuits 30-1 to 30-n. 

The PLO 20 as an oscillating circuit is a circuit for 
generating a clock signal with a fixed phase having a frequency 
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of (co -A co) which derives from subtracting A co (frequency at 
which the A co oscillator 10 oscillates) from the frequency CO , 
which is of the clock signal inputted to the N-f requency dividing 
circuit 2. The arrangement of the PLO 20 is more fully 

illustrated in FIG. 2. If Zo is taken as the fixed phase in 
the PLO 20, then the clock signal outputted from the PLO 20 
is denoted as w ( co ~ A co ) Zo" in the figure as a signal having 
a frequency of (co-Aco) and a phase of Zo. 

The above- described predetermined frequency A co may be 
set to a frequency of about several kilohertz to one megahertz . 

As shown in FIG. 2, the PLO 20 is arranged to include 
a phase comparing circuit 21, alow-pass filter 22, an amplifier 
23, a VCO 24, a frequency converting circuit 25 and N- frequency 
dividing circuit 26. 

The phase comparing circuit 21 is a circuit for comparing 
the clock signal supplied from the N-f requency dividing circuit 
26 and the clock signal supplied from the N-f requency dividing 
circuit 2 in phase, and also generates a voltage signal in 
accordance with the phase difference determined by the 
comparison. The phase comparing circuit 21 can be arranged 
in a manner similar to that of the phase comparing circuit 104a 
provided in the PLO 104 shown in FIG. 21. 

The low-pass filter 22 is a filter which removes a 
high-frequency component from the voltage signal as a result 
of phase comparison effected in the phase comparing circuit 
21 and generates the resultant signal to the amplifier 23. The 
amplifier 23 is supplied with a voltage signal which has passed 
through the low-pass filter 22, and also generates an amplified 
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signal of the voltage signal to the VCO 24 for use as a control 
voltage signal. 

That is, the voltage signal as a result of the phase 
comparison supplied from the phase comparing circuit 21 is 
applied to the VCO 24 through the low-pass filter 22 having 
a relax time. The amplification factor of the amplifier 23 
is settled in such a manner that when the phase comparing circuit 
21 detects that the phases of the signals under comparison are 
completely coincident to each other, the VCO 24 generates a 
clock signal having a frequency of ( co - A co ) which is decreased 
byAco with respect to the frequency co , which is N-times 
frequency of the clock signal supplied from the N- frequency 
dividing circuit 2 . 

The frequency converting circuit 2 5 is supplied with a 
clock signal outputted from the VCO 24 and a signal having a 
frequency of A(o from the A co oscillator 10, and generates a 
signal having a frequency of co corresponding to the clock signal 
before frequency- divided by the N-frequency dividing circuit 
2. This operation can be effected by executing a signal 
processing which is equivalent to an arithmetic operation of 
the following Equation (1) . The frequency converting circuit 
25 can be constructed in a manner similar to that of the frequency 
converting circuits 40-1 to 40-n which will be more fully 
described later on. 

Vout = VOsin ( co - A co ) t • cos ( A co t ) +V0cos ( co - A co ) • sin ( A 

cot) 

=V0sin[ ( co- A co )t + A cot] 

=VOsincot — (1) 
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Further, the N- frequency dividing circuit 26 is a circuit 
for dividing the frequency of the signal, which has been 

frequency converted into one having a frequency of co by the 
frequency converting circuit 25 , into a signal having one N-th 
frequency, whereby the above -described phase comparing circuit 
21 can effect phase comparison between signals supplied from 
the N-f requency dividing circuit 2 and the N-f requency dividing 
circuit 26. 

The phase comparing delay circuit (phase comparator ) 30-1 
to 30 -n provided so as to correspond to each of the data signal 
channels DTI to DTn is a circuit for comparing in phase the 
data signal DTI to DTn and the clock signal outputted from the 
frequency converting circuit 40-1 to 40 -nwhichwill be described 
later on. The phase comparing delay circuit 30-1 to 30 -n then 
outputs a phase difference 5 as a result of phase comparison 
together with the frequency information generated from the A 
CO oscillator 10 . In more concretely, the phase comparing delay 
circuit 30-1 to 30-n synthesizes the signal having the 
predetermined frequency of A co generated from the A co 
oscillator 10 and the phase difference 6 as a result of phase 
comparison together, and generates the synthesized signal to 
the frequency converting circuit 40-1 to 40 -n. 

FIG. 3 is a diagram showing in detail an example of the 
arrangement of the phase comparing delay circuit 30-1 to 30-n. 
As shown in FIG. 3, the phase comparing delay circuit 30-1 to 
30-n is arranged to include a phase comparing circuit 31 and 
a delay circuit 32 . The phase comparing circuit 31 is arranged 
as shown in FIG . 4 , for example . The delay circuit 32 is arranged 



as shown in FIG. 6, for example. In these figures, the signal 
having a frequency of A CO and containing phase information <5 , 
which is generated from the phase comparing delay circuit 30-1 
to 30-n, is expressed as " Aoo^d". 

As shown in FIG. 4, the phase comparing circuit 31 is 
arranged to include an inverting circuit 31a # AND circuits 31b , 
31c, and a comparator 3 Id, whereby the phase comparing circuit 
31 can compare the phase of the clock signal CKin( co Zo ) output ted 
from the frequency converting circuit 40-1 to 40-n which will 
be described later and the phase of the corresponding data signal 
DTI to DTn with each other. Then, the phase comparing circuit 
31 generates a voltage signal corresponding to the phase 
difference as the result of comparison. 

As for example shown in FIG. 5, the AND circuit 31b is 
supplied with the data signal DT and the clock signal CK at 
a time. When a data signal dl is inputted and the clock signal 
takes a high level state as for example in a time period Tl, 
the output signal VI takes a high level state. Conversely, 
when the clock signal takes a low level state as for example 
in a time period T2, the output signal VI takes a low level 
state . 

The AND circuit 31c operates in a similar manner. That 
is , as for example shown in FIG . 5 , the AND circuit 31c is supplied 
with the data signal DT and an inverted clock signal (CK bar) 
at a time. When the data signal dl is inputted and the inverted 
clock signal takes a high level state as for example in a time 
period T2, the output signal V2 takes a high level state. 
Conversely, when the inverting clock signal takes a low level 
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state as for example in a time period Tl, the output signal 
V2 takes a low level state. 

The comparator 3 Id is a circuit which compares the 
magnitudes of the output signals VI and V2 supplied from the 
above -described couple of AND circuits 31b and 31c with each 
other, and generates a signal corresponding to the result of 
comparison in terms of magnitudes thereof. For example, if 
the value of the output signal VI is larger than the value of 
the output signal V2, the comparator 31d outputs a high level 
signal VH. Conversely, if the value of the output signal V2 
is larger than the value of the output signal VI , the comparator 
31d outputs a low level signal VL. In this way, the comparator 
3 Id can generates a signal Vd which indicates a deviation in 
phase between the clock signal CK and the data signal DT. 

The delay circuit 32 constituting the phase comparing 
delay circuit 30-1 to 30-n is a circuit which is supplied with 
a signal having a frequency of A a> from the A CO oscillator 10 
together with the phase difference information 6 from the phase 
comparing circuit 31, and generates the signal having the 
frequency of A co so as to be delayed by the phase 6 . The delay 
circuit 32 can be arranged to include a CR integrating circuit 
32a and a Schmitt circuit 32b, as for example shown in FIG. 
6. 

The integrating circuit 32a is arranged to variably adjust 
the circuit characteristic based on the voltage signal Vd which 
is supplied from the phase comparing circuit 31 and indicates 

the phase difference information 6 . Owing to this arrangement , 
integration processing can be carried out at an integrating 
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coefficient corresponding to the phase difference information. 
The Schmitt circuit 32b is a circuit which effects a waveform 
shaping processing on a signal of which waveform loses its 
sharpness due to the processing effected by the CR integrating 
circuit 32a so that the rising time of the pulse is delayed 
by a predetermined time. 

Meanwhile, when the above -described PLO 20 and the phase 
comparing delay circuit 30-1 to 30-n carry out their processing, 
the signal having the frequency of A 0)f rom the A 0) oscillator 
10 is commonly utilized as a frequency oscillation source. 
Therefore, the PLO 20 and the phase comparing delay circuit 
30-1 to 30-n can always be supplied with the same value of 

frequency, A CO . Accordingly, the phase compensating function 
can be more reliably maintained. 

Each of the frequency converting circuits 40-1 to 40-n 
as an arithmetic operation circuit adjusts the clock signal 
from the PLO 20 so as to be synchronized with the corresponding 
data signal and outputs therefrom, based on an arithmetic 
operation of trigonometric functions using the clock signal 
( o) - A co ) Zo from the PLO 20 and a phase comparing result signal 
AcoZS from the phase comparing delay circuit 30-1 to 30-n. 

In more concretely, the frequency converting circuit 40-1 

to 40-n is supplied with the clock signal (co-Aco)zlo from the 
PLO 20 and a phase comparing result signal A co Z 5 from the phase 
comparing delay circuit 30-1 to 30-n, and carries out an 
arithmetic operation using the trigonometric functions 
expressed by the following Equation (2) , whereby the clock signal 
is subjected to an adjustment in accordance with the phase 



20 



difference of the clock signal with respect to the data signal. 

That is, if 5 is taken as the phase difference between 
the clock signal and the data signal, and the pulse waveform 
of the clock signal is regarded as a sine wave, the clock signal 
can be expressed by the following Equation (2). However, 
Equation (2) can be further transformed into Equation (3). 

VCk = V0sin(C0t +5) "'(2) 

VCk = V0sin( cot + 6 ) 

= VOsin [(co-Aco)t + Acot + d ] 

= VOsin ( co - A co ) t * cos ( A co t + 5 ) + vOcos ( co - A co ) t ■ 
sin( A cot + 6 ) "(3) 

In more concretely, as shown in FIG. 7, the frequency 
converting circuit 40-1 to 40-n regards the clock signal ( co 
-Aco)Zo and a phase comparing result signal AcoZd as sine 
wave functions as expressed in the following Equations (4) and 
(5), respectively, and frequency converting processing is 
carried out. That is, a processing defined by the following 
Equations (4) and (5) is made equivalent to the above -described 
arithmetic operation of Equation (3) , whereby the clock signal 
having undergone the phase adjustment can be expressed by 
trigonometric functions as a function of the clock signal in 
which the phase difference 6 serves as a constant independent 
of time t . 

(co-Aco)Zo - VOsin(co-Aco)t -**(4) 
AcoZ5 = sin(Acot +6) ***(5) 
In this case, each of the frequency converting circuits 
40-1 to 40-n is arranged to include a phase shift units ( K 
/2) 41, 42 , multiplication circuits 43 and 44 and an adding 



21 



circuit 45. The phase shift unit 41 and the multiplication 
circuit 43 are units for calculating the second term of the 
right side of the above Equation (3) , and the phase shift unit 
42 and the multiplying circuit 44 are units for calculating 
the first term of the right side of the same Equation (3). 
Accordingly, the adding circuit 45, which adds the results of 
multiplication of the above multiplying circuits 43 and 44 
together, can output a value equivalent to the left side of 
the Equation (3). 

Therefore, the frequency converting circuit 40-1 to 40 -n 
functions/as a calculating circuit for effecting adjustment 
on the clock signal generated from the PLO 20 so that the clock 
signal is synchronized with the corresponding data signal , based 
on the trigonometric function calculation using the clock signal 
supplied from the PLO 20 and the information supplied from the 
phase comparing delay circuit 30-1 to 30 -n. 

Further, a pair of phase comparing delay circuit 30 -t 
and the frequency converting circuit 40-t (t; 1 to n) , which 
is provided so as to correspond to any of the channels of the 
data signals DTt , functions as an adjusting circuit for effecting 
adjustment on the clock signal generated from the PLO 20 so 
that the clock signal is synchronized with the corresponding 
data signal, based on an arithmetic operation of trigonometric 
functions using as a parameter, phase comparing information 
deriving from comparison between each of the data signal and 
the clock signal generated from the PLO 20 , frequency information 
regarding the clock signal and the data signals, and the 
frequency information A co of the decreased frequency. 
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Accordingly, if the parallel signal automatic phase 
adjusting circuit 1 according to the first embodiment of the 
present invention having the above arrangement is applied to 
the transmission system composed of the system components 100A 
to 100C shown in FIG. 19, the parallel signal automatic phase 
adjusting circuit 1 functions as follows. That is , when a set 
of parallel signals are transmitted between the system 
components 100A to 100C, a side of component, which receives 
a set of data signals in a parallel fashion together with the 
clock signal, can compensate for the phase difference between 
the clock signal and corresponding one of the data signals DTI 
to DTn at the preceding stage where the data are supplied in 
synchronism with the clock signal. 

The PLO 20 is supplied with a clock signal, which is 
frequency -divided into a signal having one N-th frequency by 
the N-frequency circuit 2, and the signal having the frequency 
of A co from the A co oscillator 10. Then the PLO 20 compares 
the clock signal and the signal having the frequency of A CO 
from the A co oscillator 10 with each other and generates a signal 
(clock signal) having a frequency of co - A co containing phase 
information as the result of comparison. In other words, the 
PLO 20 oscillates by generating the clock signal at the frequency 
of ( co - A co ) which derives from subtracting the predetermined 
frequency A co from the frequency of the inputted clock signal, 
co . 

The signal generated from the PLO 20 is supplied to the 
frequency converting circuit 40-1 to 40-n of each data signal 
channel. Each of the frequency converting circuits 40-1 to 
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40-n is supplied with the signal from the above -described PLO 
20 and a signal having the frequency of Aco containing the phase 
difference information 6 indicative of the deviation in phase 
of the clock signal with respect to the data signal generated 
from the corresponding phase comparing delay circuit 30-1 to 
30~n. Thus, the frequency converting circuit 40-1 to 40-n 
carries out a signal processing equivalent to the 
above -described Equation (3) based on the supplied signals . 

Owing to the signal processing carried out by the frequency 
converting circuit 40-1 to 40-n, it becomes possible to obtain 
a clock signal CK1 to CKn in which the phase difference between 
each data signal DTI to DTn and the clock signal is compensated 
for. Meanwhile, the frequency A co is set to several kHz to 
1 Mhz, which is sufficiently smaller than the frequency CO at 
which the system is driven. Thus, the phase difference 6 can 
be well controlled with precision. 

As described above, when the system component on the side 
of reception shown in FIG. 19 is supplied with the clock signal 
CK1 to CKn having undergone compensation in correspondence with 
each of the data signals DTI to DTn as a set of parallel signals , 
a signal processing unit, which is provided on the downstream 
side, although not shown, intakes each of the data signals DTI 
to DTn as a set of parallel signals in synchronism with the 
clock signal having the phase difference compensated for. 

As described above, according to the parallel signal 
automatic phase adjusting circuit 1 of the first embodiment 
of the present invention, the PLO 20 is shared by each of the 
data signal channels. Therefore, unlike the aforesaid case 



24 



shown in FIG. 22 , the PLO circuit need not be provided for each 
data signal channel, with the result that the size of the system 
in which the parallel data signals are handled can be made small , 
the number of components constituting the system can be decreased , 
which facts lead to a merit of cost reduction. In particular, 
when it is requested to build a circuit in which the number 
of parallel data lines is increased, the size of the system 
can be made small, and cost increase can be suppressed. 

That is , in the circuit 1 as the first embodiment, a single 
unit of PLO 20 is shared by a number of data signal channels, 
and the phase comparing delay circuit 30-1 to 30-n and the 
frequency converting circuit 40-1 to 40 -n, which are provided 
for each of the data signal channels, are sufficiently 
small-sized. Therefore, the system can be also small- sized 
and at the same time, cost can be reduced owing to the reduction 
of the number of components. 

Furthermore, in the circuit 1 as the first embodiment, 
the signal generated from the A CO oscillator 10 is supplied 
to the PLO 20 and the respective phase comparing delay circuits 
30-1 to 30-n in common. Therefore, it is expected that the 
PLO 20 and the respective phase comparing delay circuits 30-1 
to 30-n can always create a signal having the same value of 
Ao) component. Accordingly, the phase compensating function 
can be more reliably exerted. 

(a2) Description of First Modification of First 
Embodiment 

FIG. 10(a) is a block diagram showing an arrangement of 
a parallel signal automatic phase adjusting circuit as a first 
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modification of the first embodiment of the present invention. 
The parallel signal automatic phase adjusting circuit 1A shown 
in FIG. 10(a) can be applied to optical relay regenerators (reg) 
302 and 303 employed in an optical communication system shown 
in FIG. 8, for example. 

As shown in FIG. 8, the optical communication system is 
arranged to include a transmitting side component (Tx) 301 and 
the receiving side component (Rx) 304 connected to each other 
through optical fiber cables 305 and the optical relay 
regenerators 302 and 303. Thus, an optical signal can be 
transmitted from the transmitting side component 301 to the 
receiving side component 304. 

The optical relay regenerator 302 and 303 is arranged 
to include an O/E (Optical/Electric) converting unit 310, a 
serial/parallel converting unit (S/P) 311, a parallel signal 
processing unit 312, a parallel/ serial converting unit (P/S) 
313, and an E/O (Electric/Optical) converting unit 314, as for 
example shown in FIG. 9. 

The O/E converting unit 310 is a unit which is supplied 
with a transmitted optical signal through the optical fiber 
305 and converts the optical signal into an electric signal. 
The serial/parallel converting unit 311 is a unit for converting 
the serial electric signal supplied from the O/E converting 
unit 310 into a set of parallel signals. 

Further, the parallel signal processing unit 312 is a 
unit for subjecting a desired signal processing on the set of 
parallel signals supplied from the serial/parallel converting 
unit 311. The parallel signal automatic phase adjusting 
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circuit 1 and an inter-data phase adjusting circuit 50 (see 
FIG. 10(a) ) according to the present embodiment can be applied 
to the parallel signal processing unit 312. 

The parallel/serial converting unit 313 is a unit for 
converting the set of parallel signals having undergone the 
desired signal processing in the parallel signal processing 
unit 312 , into a serial signal again. The E/O converting unit 
314 is a unit for converting the serial electric signal supplied 
from the parallel/ serial converting unit 313 into an optical 
signal. The converted optical signal is transmitted through 
the optical fiber 305 of the receiving side component 304. 

As described above, the parallel signal automatic phase 
adjusting circuit 1A according to the first modification of 
the first embodiment is arranged to include the inter-data phase 
adjusting circuit 50 which is connected to the circuit 1 as 
the above -described first embodiment at the downstream side 
thereof . With this arrangement , data signals of the respective 
parallel lines can be adjusted in phase so that all of the data 
signals have the same phase, as well as the clock signal and 
data signal paired with the corresponding clock signal are 
adjusted in phase. Accordingly, the parallel/serial 
converting unit 313 provided on the downstream side of the system 
can convert the set of parallel signals into the serial one 
with ease. 

The inter-data phase adjusting circuit 50 is supplied 
with a clock signal having been adjusted in phase and a data 
signal corresponding to the clock signal together, from each 
frequency converting circuit 40-1 to 40 -n (see FIG. 1) of the 
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parallel signal automatic phase adjusting circuit 1 . Further , 
the inter-data phase adjusting circuit 50 generates data signals 
DTI to DTn in synchronism with the timing of the most delayed 
clock signal. 

5 In more concretely, the inter-data phase adjusting 

circuit 50 is arranged so that this circuit generates all of 
the data signals in synchronism with the most delayed clock 
If signal of the clock signals CK1 to CK-n which have been subjected 
Q to the phase compensation in respective frequency converting 
UJ10 circuits 40-1 to 40-n. With this arrangement, respective data 
f|j signals are outputted therefrom with a phase synchronized among 
™ the data signals . Accordingly, the parallel/ serial converting 

U unit 313 provided on the downstream side of the system can convert 

1 = 3 

tif the set of parallel signals into the serial one with ease. 

Hl5 The inter -data phase adjusting circuit 50 is arranged 

to include a clock selecting circuit 51 and a data outputting 
section composed of N pieces of D flip-flop (D-FF) 52-1 to 
52-(n-l) . 

The clock selecting circuit 51 selects the most delayed 
20 clock signal from the inputted N clock signals, and also 

generates a data signal corresponding to the selected clock 
signal. Each of the D flip-flops (D-FF) 52-1 to 52-(n-l) is 
a circuit for outputting a data signal other than the data signal 
corresponding to the selected clock signal, in accordance with 
25 the timing of the clock signal resulting from the selection 
of the clock selecting circuit 51. 

In other words, the D flip-flop 52-1 to 52-(n-l) is 
provided on each data signal channel, and each D flip-flop 52-1 
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to 52 - ( n- 1 ) is operable in response to the clock signal selected 
by the clock selecting circuit 51. 

With the above arrangement , in the clock signal selecting 
circuit 51 of the inter-data phase adjusting circuit 50 of the 
first modification of the first embodiment, a data signal and 
a clock signal having the most delayed phase are selected and 
outputted therefrom. In the case shown in FIG. 10(a), it is 
assumed that a pair of the data signal DTI and the clock signal 
CK1 is one having the most delayed phase. 

Data signals DT2 to DTn other than the data signal DTI 
are temporarily held in the D flip-flop 52-1 to 52-n) , 
respectively, and outputted therefrom in synchronism with the 
clock signal CK1 selected by the clock selecting circuit 51. 
The data signal corresponding to the most delayed clock signal 
is directly outputted without being held in any of the D 
flip-flops 52-1 to 52-(n-l) . In this way, a set of data signals 
each having the same phase can be obtained. 

Now, it is assumed that there are phase differences bought 
about among the data signals as shown in FIG. 10(b) . That is, 
a phase difference 6 1 is brought about between the data signal 
DT2 and the clock signal corresponding to the data signal DTI. 
Also, a phase difference 6 2 is brought about between the data 
signal DT3 and the clock signal corresponding to the data signal 
DTI. 

If the clock signal corresponding to the data signal DTI 
is a clock signal of the most delayed data signal channel ( line) , 
and the D flip-flops 52-1 and 52-2 generate a signal in 
synchronism with the clock signal, then, as shown in a part 
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of the diagram of FIG. 10(b) illustrating a state after 
inter-data adjustment, the phase differences 6 1 and 5 2 of the 
data signals DT2 and DT3 relative to the clock signal can be 
compensated. Thus, each of the data signals DTI to DT3 can 
be outputted with the same phase. 

As described above , if the parallel signal automatic phase 
adjusting circuit 1 and the inter-data phase adjusting circuit 
50 according to the present embodiment are employed in the 
parallel signal processing unit 312 shown in FIG. 9, the 
parallel/ serial converting unit 313 placed on the downstream 
side of the parallel signal processing unit 312 can receive 
a set of data signals DTI to DTn with the same phase . Therefore , 
the parallel/ serial converting unit 313 can convert the supplied 
signals into a serial signal with ease. 

As described above, according to the parallel signal 
automatic phase adjusting circuit 1A as the first modification 
of the first embodiment of the present invention, in addition 
to an advantage similar to that of the aforesaid first embodiment , 
there can be obtained an advantage that a set of data signals 
having the same phase can be created by a simple circuit 
arrangement such as the inter-data phase adjusting circuit 50. 

When a communication system is constructed, system 
components such as IC devices are connected to each other by 
means of a coaxial cable composed of a data signal lines, a 
clock line and so on. In such a situation, it is requested 
that the length of the coaxial line is adjusted at each line 
so that scattering in phase among signals transmitted through 
the lines is suppressed. When such adjustment scheme is 
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executed, a problem may arise . That is , the length of the delay 
lines shall be adjusted at high precision. However, according 
to the parallel signal automatic phase adjusting circuit 1A 
as the first modification of the first embodiment of the present 
invention, the problem that the length of the delay lines shall 
be adjusted at high precision can be effectively solved. 

When the arrangement of the parallel signal automatic 
phase adjusting circuit 1A as the first modification of the 
first embodiment is compared with that of the first embodiment 
which is typically illustrated in FIG. 2, the advantage of the 
parallel signal automatic phase adjusting circuit 1A as the 
first modification will be more fully described. That is, as 
shown in FIG. 2, when a set of data signal flows are applied 
with a clock signal CK as a trigger when the set of data are 
temporarily held in a set of flip-flops, it is expected that 
a set of data can be outputted with the same phase. However, 
as shown in FIG. 10(b), when the set of data signal flows are 
deviated in phase from one another, it is difficult to apply 
the clock signal as a trigger precisely. Accordingly, if the 
above scheme is applied to a number of DT signal lines in which 
phase deviation from one another can be brought about, then 
a range of a time slot allowable to trigger the data output 
will be narrowed. However, according to the parallel signal 
automatic phase adjusting circuit 1A as the first modification 
of the first embodiment of the present invention, this drawback 
can be comfortably solved. 

(a3) Description of Second Modification of First 
Embodiment 



FIG. 11 is a block diagram showing an arrangement of a 
parallel signal automatic phase adjusting circuit as a second 
modification of the first embodiment of the present invention. 
Similarly to the circuit 1A shown in FIG . 10(a), the parallel 
signal automatic phase adjusting circuit IB shown in FIG. 11 
also can be provided in the optical relay regenerators (reg) 
302 and 303 in an optical communication system shown in FIG. 
8. However, according to the arrangement of the second 
modification of the parallel signal automatic phase adjusting 
circuit IB, even if the set of data signals contain a phase 
deviation of more than one time slot amount , the parallel signal 
automatic phase adjusting circuit IB can compensate for the 
deviation. 

That is, in the inter-data phase adjusting circuit 50 
according to the above-described first modification of the first 
embodiment, as for example shown in FIG. 12(a) , the inter- data 
phase adjusting circuit 50 can adjust the phase deviation between 
the data signals DTI and DT2 (see FIG. 12(b) ) , under the condition 
that the phase deviation between the data signals DTI and DT2 
falls within a range of one time slot. Conversely, according 
to the arrangement of the circuit IB shown in FIG. 11, even 
if the phase deviation between the data signals exceeds one 
time slot amount, this phase deviation can be adjusted. 

The arrangement of the parallel signal automatic phase 
adjusting circuit IB shown in FIG. 11 is different from that 
of the parallel signal automatic phase adjusting circuit 1A 
shown in FIG. 10(a) in the construction of the inter-data phase 
adjusting circuit SOB. 
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That is, in addition to the clock selecting circuit 51 
and the D flip-flops 52-1 to 52-(n-l) which are also included 
in the first modification, the inter-data phase adjusting 
circuit SOB of the second modification of the first embodiment 
is arranged to include, a register circuit section 60 on the 
downstream side of the clock selecting circuit 51 and the D 
flip-flops 52-1 to 52-(n-l) . The register circuit section 60 
is capable of compensating for the phase deviation exceeding 
one time slot amount based on bit information of each data signal . 

The register circuit section 60 is arranged to include 
a plurality of shift registers 61-1 to 61-m connected to one 
another in a cascade fashion and a selector 62 provided on each 
channel of the data signals DTI to DTn . 

Each set of shift registers 61-1 to 61-m provided at each 
data channel is supplied with a corresponding data signal from 
the clock selecting circuit 51 or the D flip-flops 52-1 to 
52-(n-l) and holds the supplied data. Each set of shift 
registers 61-1 to 60-m is also supplied with a clock signal 
and is operated in response to the clock input . In other words , 
the set of shift registers 61-1 to 61-m is arranged to hold 
the data signal of each data channel in a unit of time slot. 

That is, in each set of shift registers 61-1 to 61-m, 
the inputted data signal is generated to the successive shift 
register and the selector 62 provided on the downstream side 
of the register section at the same timing, in response to a 
clock signal supplied to the clock selecting circuit 51. 

The selector 62 selects a proper one of the data signals 
supplied from any of the shift registers 61-1 to 61-m and outputs 
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the selected data signal in response to a clock signal supplied 

thereto for data signal selection. 

In other words , the selector 62 is provided at each channel 

of the data signal, supplied with output signals from the 
5 respective shift registers 61-1 to 61-m constituting the shift 

register set which is provided at every data signal channel, 

and outputs the corresponding one of the data signals DTI to 
H : DTn at the same timing in accordance with the select signal 
CI which is useful for extracting the data signal at the same timing . 
W 10 The above -described clock signal CK as the select signal 

5 ;: 
=::»?: 

n| useful for extracting the data signal at the same timing can 
„ ? be created in the following manner, for example. That is, 
U although not shown , a processing unit for comparing data signals 
Jr with each other compares between data signals in bit information 
j**15 such as frames or particular fixed bits of the data signals 
or the like. Then, this clock signal is outputted at a timing 
of frame synchronism or a timing of the particular fixed bit 
input . 

Thus, even if phase deviation exceeding one time slot 
20 amount is brought about between the data signals , the respective 
data signals can be outputted at the same phase in a synchronized 
fashion. 

With the above arrangement , even in the second 
modification of the first embodiment of the present invention, 
25 similarly to the above-described first embodiment, the phase 
comparing delay circuit 30-lto30-n and the frequency converting 
circuit 40-1 to 40-n can adjust in phase each of the clock signals 
CK1 to CKn together with corresponding one of the data signals 
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DTI to DTn, and output the adjusted clock signals CK1 to CKn. 

The inter-data phase adjusting circuit SOB is a circuit 
for adjusting the phase deviation brought about between data 
signals. That is, if the phase deviation between data signals 
5 is equal to or smaller than one time slot amount, the clock 
selecting circuit 51 and the D flip-flops 52-1 and 52-(n-l) 
adjust this kind of phase deviation. Conversely, if the phase 

u± deviation between data signals is larger than one time slot 
amount, the shift register circuit section 60 adjusts this kind 

; p.0 of phase deviation. 

=JJ; 

Jf B That is , the selector 62 selects a data signal from proper 

W one of the shift registers 61-1 to 61-m and outputs the selected 
H data signal , in accordance with the clock signal CK for selection 
which is selected from the data signals outputted from the 

O 

pL5 respective shift registers 61-1 to 61-m and which is inputted 
at a timing of frame synchronism or a timing of the particular 
fixed bit input . In this way, the shift register circuit section 
60 can adjust the phase deviation between data signals larger 
than one time slot amount , and output the respective data signals 
20 in a synchronized fashion. 

As described above, according to the parallel signal 
automatic phase adjusting circuit IB as the second modification 
of the first embodiment of the present invention, in addition 
to an advantage similar to those of the aforesaid first 
25 embodiment and the first modification of the first embodiment, 
there can be obtained an advantage that the shift register 
circuit section 60 can adjust the phase deviation between data 
signals larger than one time slot amount. Therefore, if the 
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communication system goes to the step of multiplexing the data 
signals, the performance of the system can be improved. 

(a4) Description of Third Modification of First 
Embodiment 

5 FIG. 13 is a block diagram showing an arrangement of a 

parallel signal automatic phase adjusting circuit as a third 
modification of the first embodiment of the present invention. 
H The parallel signal automatic phase adjusting circuit 1C shown 

p in FIG. 13 differs from the aforesaid parallel signal automatic 

111 

yjlO phase adjusting circuit as the first embodiment (see the 
py arrangement shown at reference numeral 1 in FIG. 1) in the 
following point. That is, each of the phase comparing delay 
JT circuits 30-1 to 30 -n is coupled to a temperature sensor unit 

l .. s 

jjj 70-1 to 70-n which compensates for the temperature dependability 
Ol5 of the voltage signal ( containing phase comparing information) . 
Each temperature sensor unit 70-1 to 70-n is capable of 
compensating for a temperature-deriving component of the phase 
difference 6 of the voltage signal supplied from the phase 
comparing circuit 31 in each of the phase comparing delay 
20 circuits 30-1 to 30-n. 

That is, the temperature sensor unit 70-1 to 70-n detects 
a change of temperature, and the output voltage signal from 
the phase comparing circuit 31 is controlled in accordance with 
the result of temperature detection by using a circuit element 
25 such as a resistor, not shown, so that the temperature 
dependability is compensated for. 

As described above, according to the parallel signal 
automatic phase adjusting circuit 1C as the third modification 
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of the first embodiment of the present invention, in addition 
to an advantage similar to those of the aforesaid first 
embodiment, there can be obtained an advantage that the 
temperature dependability of the phase comparing circuit 31 
5 is compensated for. Accordingly, the adjustment on the phase 
difference between the clock signal and the data signal can 
be carried out in an extremely reliable manner. 

H> (*>) Description of Second Embodiment 

o 

□ FIG. 14 is a block diagram showing an arrangement of a 

iJjlO parallel signal automatic phase adjusting circuit as a second 

-I embodiment of the present invention. Also the parallel signal 

m automatic phase adjusting circuit 1-2 shown in FIG. 14 can be 

Hi 

]J applied to a communication system such as one shown in FIG. 
W 19 in which parallel digital data are transmitted together with 

TJSSS" 

CBL5 a clock signal from one to another of the system components 
100A to 100C. 

Similarly to the arrangement of the aforesaid first 
embodiment, the parallel signal automatic phase adjusting 
circuit 1-2 shown in FIG. 14 also is supplied with data signals 

20 of a plurality of channels in parallel together with a clock 
signal, and the parallel signal automatic phase adjusting 
circuit 1-2 adjusts the clock signal so as to be synchronized 
with the data signal of a corresponding channel. 

The arrangement of the parallel signal automatic phase 

25 adjusting circuit 1-2 according to the second embodiment is 
different from that of the aforesaid circuit 1 as the first 
embodiment (see FIG. 1) in the following points. That is, the 
parallel signal automatic phase adjusting circuit 1-2 is not 
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arranged to include the A CO oscillator 10, and the PLO 20 
provided in the circuit 1 as the first embodiment is replaced 
with a PLO 20' arranged in a manner different from the PLO 20, 
Further, the phase comparing delay circuits 30-1 to 30-n are 
5 also replaced with phase comparing oscillating circuits 30' -1 
to 30' -n which are also arranged in a manner different from 
the phase comparing delay circuits 30-1 to 30-n. Other portions 

£; are similar to those of the circuit 1 shown in FIG. 1. 

!j! In FIG. 14, like parts corresponding to those in FIG. 

iMlO 1 are identified by the same reference numerals. 

jL.J{. 

fU The arrangement of the PLO 20' as an oscillating circuit 

yy 

can be illustrated in detail in aforesaid FIG. 21. That is, 
p the PLO 20' is arranged to include a phase comparing circuit, 
p a low-pass filter, an amplifier, a VCO and N-frequency dividing 
rjL5 circuit (see blocks shown at reference numerals 104a to 104e) . 

The PLO 20 ' shares the same arrangement with the aforesaid 
PLO 20 shown in FIG . 1 in that the PLO 20 ' oscillates by generating 
a clock signal at a frequency of (CO -A CO) , which derives from 
subtracting a frequency of A co from a frequency CO of the clock 
20 signal inputted into the N-frequency dividing circuit 2. 

However, the PLO 20 ' is different from the PLO 20 in the following 
point. That is, in the PLO 20', the clock signal having the 
frequency of ( co - A co ) is created without using the signal having 
a frequency of A co generated f rom the A co oscillator 10 provided 
2 5 outside the PLO, but only an amplification factor of the 

amplifier (see the block shown at reference numeral 104c in 
FIG. 20) is adjusted so as to create the clock signal having 
the frequency of ( CO - A CO ) . 
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Each of the phase comparing oscillating circuits 30' -1 
to 30 '-n provided so as to correspond to respective channels 
of data signals DTI to DTn is a circuit for oscillating by 
generating a frequency signal at a frequency same as the 
frequency of A CO which is decreased by the PLO 20 ' . The phase 
comparing oscillating circuit 30 ' -1 to 30 ' -n also compares the 
corresponding data signal with the clock signal , whereby a signal 
containing phase difference information is generated therefrom 
together with frequency information A co . In more concretely, 
information indicative of phase difference 6 as a result of 
comparison is made involved in the signal having a frequency 
of A co which is generated by oscillation within the phase 
comparing oscillating circuit 30 ' -1 to 30 ' -n, and the resultant 
signal is supplied to the frequency converting circuit 40-1 
to 40-n. 

FIG . 15 is a diagram showing in more detail the arrangement 
of the phase comparing delay circuit 30 '-1 to 30' -n. As shown 
in FIG. 15, the phase comparing oscillating circuit 30 '-1 to 
30' -n is arranged to include the phase comparing circuit 31 
and the delay circuit 32 , which are similar to those of the 
aforesaid phase comparing delay circuit 30-1 to 30-n shown in 
FIG. 3. Further, the phase comparing oscillating circuit 30 ' -1 
to 30 '-n additionally includes an oscillating circuit 33. 

The oscillating circuit 33 is a circuit for generating 
a signal having a frequency equivalent to the predetermined 
frequency A co which is subtracted from the frequency CO of the 
clock signal by the PLO 20' . With this arrangement, the delay 
circuit 32 is supplied with the signal containing the phase 
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difference 6 between the data signal and the clock signal from 
the phase comparing circuit 31 • The delay circuit 32 is also 
supplied with the signal having the frequency of A go from the 
oscillating circuit 33. Thus, the signal having the frequency 
of A CO is delayed by the phase difference 6 and outputted from 
the delay circuit 32. 

In this way, similarly to the aforesaid case of the first 
embodiment, the frequency converting circuit 40-1 to 40 -n as 
the calculating circuit adjusts the clock signal supplied from 
the PLO 20' so that the clock signal is synchronized with the 
corresponding data signal , and outputs the adjusted clock signal , 
based on an arithmetic operation of trigonometric functions 
using as a parameter, the clock signal from the PLO 20' and 
the information supplied from the phase comparing oscillating 
circuit 30 '-1 to 30' -n. 

Accordingly, if the parallel signal automatic phase 
adjusting circuit 1-2 according to the second embodiment of 
the present invention having the above arrangement is applied 
to the transmission system composed of the system components 
100A to 100C shown in FIG. 19, the parallel signal automatic 
phase adjusting circuit 1-2 functions as follows. That is, 
when a set of parallel signals are transmitted between the system 
components 100A to 100C, a side of component, which receives 
a set of data signals in a parallel fashion together with the 
clock signal, can compensate for the phase difference between 
the clock signal CK and corresponding one of the data signals 
DTI to DTn at the preceding stage where the data are supplied 
in synchronism with the clock signal. 
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That is, the PLO 20' oscillates by generating the clock 
signal having a fixed phase at the frequency of ( CO - A CO ) based 
on the clock signal which is frequency- divided into one having 
one N- th frequency by the N-f requency circuit 2 . In other words 
the PLO 20' oscillates by generating the clock signal at the 
frequency of ( to - A to ) which derives from subtracting the 
predetermined frequency A to from the frequency of the inputted 
clock signal, to. 

The signal generated from the PLO 20' is supplied to the 
frequency converting circuit 40-1 to 40 -n of each data signal 
channel. Each of the frequency converting circuits 40-1 to 
40-n is supplied with the signal from the above -described PLO 
20' together with a signal having the frequency of A CO 
containing the phase difference information 8 indicative of 
the difference from the data signal generated from the 
corresponding phase comparing oscillating circuit 30' -1 to 
30' -n. Thus, the frequency converting circuit 40-1 to 40-n 
carries out a signal processing equivalent to the 
above -described Equation (3) based on the supplied signals. 

Owing to the signal processing carried out by the frequency 
converting circuit 40-1 to 40-n, it becomes possible to obtain 
a clock signal CK1 to CKn in which the phase difference between 
each data signal DTI to DTn and the clock signal is compensated 
for. 

As described above, when the system component on the side 
of reception shown in FIG. 19 is supplied with the clock signal 
CK1 to CKn having undergone compensation in correspondence with 
each of the data signals DTI to DTn as a set of parallel signals , 
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a signal processing unit, which is provided on the downstream 
side, although not shown, intakes each of the data signals DTI 
to DTn as a set of parallel signals in synchronism with the 
clock signal having the phase difference . 

As described above, according to the parallel signal 
automatic phase adjusting circuit 1-2 of the second embodiment 
of the present invention, the PLO 20' is shared by each of the 
data signal channels. Therefore, unlike the aforesaid case 
shown in FIG. 22 , the PLO circuit need not be provided on each 
data signal channel, with the result that the size of the system 
in which the parallel data signals are handled can be made small , 
the number of components constituting the system can be decreased, 
which facts lead to a merit of cost reduction. In particular, 
when it is requested to build a circuit having a great number 
of parallel data lines the system can free from becoming large, 
and cost increase can be suppressed. 

That is, in the circuit 1-2 as the second embodiment, 
a single unit of PLO 20 ' is shared by a number of data signal 
channels, and the phase comparing oscillating circuit 30 '-1 
to 30 '-n and the frequency converting circuit 40-1 to 40-n, 
which are provided for each of the data signal channels, are 
sufficiently small- sized. Therefore, the system can be also 
small- sized and at the same time, cost can be reduced owing 
to the reduction of the number of components. 

Similarly to the aforesaid first embodiment, the 
above -described parallel signal automatic phase adjusting 
circuit 1-2 as the second embodiment may be arranged to include 
the inter-data phase adjusting circuits 50, SOB as shown in 
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FIG. 10(a) or FIG. 11. With this arrangement, advantages or 
effects fundamentally similar to those of the aforesaid first 
embodiment can be obtained. 

(C) Description of Third Embodiment 

FIG. 16 is a block diagram showing an arrangement of a 
parallel signal automatic phase adjusting circuit as a third 
embodiment of the present invention. Also the parallel signal 
automatic phase adjusting circuit 1-3 shown in FIG. 16 can be 
applied to a communication system such as one shown in FIG. 
19 in which parallel digital data are transmitted together with 
a clock signal from one to another of the system components 
100A to 100C. 

Similarly to the arrangement of the aforesaid first and 
second embodiments, the parallel signal automatic phase 
adjusting circuit 1-3 shown in FIG. 16 also is supplied with 
data signals of a plurality of channels in parallel together 
with a clock signal, and the parallel signal automatic phase 
adjusting circuit 1-3 adjusts the clock signal so as to be 
synchronized with the data signal of a corresponding channel. 

In this case, the parallel signal automatic phase 
adjusting circuit 1-3 shown in FIG. 16 is arranged to include 
the N- frequency dividing circuit 2 and phase compensating 
circuits 80-1 to 80 -n as an adjusting circuit section. The 
adjusting circuit section adjusts a clock signal so as to be 
synchronized with each data signal and outputs the adjusted 
clock signal from each of the phase compensating circuits 80-1 
to 80-n. 

Each phase compensating circuit 80-1 to 80-n is supplied 
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with a clock signal having undergone N- frequency dividing 
processing in the N- frequency dividing circuit 2 and one of 
data signals DTI to DTn of corresponding data channel. The 
phase compensating circuit 80-1 to 80 -n also generates a clock 
signal of which phase deviation relative to the corresponding 
data signal is canceled. FIG. 17 is a diagram showing in detail 
the arrangement of the phase compensating circuit 80-1 to 80-n. 
As shown in FIG. 17, the phase compensating circuit 80-1 to 
80-n is arranged to include a phase comparator 81, a voltage 
generating circuit 82, a phase shift unit (7C/2) 83, multiplying 
circuits 84 and 85, and an adding circuit 86. 

The phase comparator 81 compares in phase a clock signal 
having undergone N-frequency dividing operation in the 
above -described N-frequency dividing circuit 2 with the 
corresponding data signal, and also generates a voltage signal 
in accordance with the phase difference d deriving from the 
comparison. The phase comparator 81 has an arrangement 
fundamentally similar to that of the phase comparing circuit 
31 which is shown in more detail in FIG. 3. 

The voltage generating circuit 82 is supplied with a 
voltage signal indicative of the phase difference (5 from the 
phase comparator 81, and generates a voltage signal indicating 
a coefficient value which is utilized when the multiplying 
circuits 84 and 85 and the adding circuit 86 provided on the 
downstream side of the voltage generating circuit 82 carry out 
arithmetic operation on the clock signal. 

In other words, the multiplying circuits 84 and 85 and 
the adding circuit 86 provided on the downstream side of the 
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voltage generating circuit 82 regard the waveform of the clock 
signal as a sine wave or a cosine wave. Thus, the clock signal 
supplied from the phase comparator 81 is subjected to an 
arithmetic operation using the trigonometric functions 
expressed in the following Equation (6) in accordance with the 
phase difference 6 . 

That is , if d is taken as the phase difference of the 
clock signal relative to the data signal that should be 
compensated for, and CO is taken as a frequency of the clock 
signal supplied to the N-frequency dividing circuit 2, then 
similarly to the case of the aforesaid Equation (2) , the output 
clock signal Vck can be expressed as a sine wave signal. If 
Equation (2) is transformed into one expressed in Equation (6) , 
the timing when the data signal is triggered to be outputted 
can be adjusted. 

VCk = VOsin( cot + 6 ) 

= VOsin( cot ) • cos( d ) + VOcos( co t ) • sin( <5 ) 

= V0sin(cot)t • (l-a 2 ) 1/2 + VOcos(cot) • a -**(6) 

In this case, the voltage generating circuit 82 is a 
circuit for generating a voltage signal equivalent to the 
coefficient a of the first term {l-a 2 ) 1/2 and the second term 
a in the above Equation (6) when a = sin( d ) . A voltage signal 
corresponding to the coefficient of the first term is created 
by the multiplying circuit 85 while a voltage signal 
corresponding to the coefficient of the second term is created 
by the multiplying circuit 84. 

FIG. 18 is a diagram showing in detail the arrangement 
of the voltage generating circuit 82. As shown in FIG. 18, 
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the voltage generating circuit 82 is arranged to include an 
analog-to-digital converter 82a for converting the voltage 
signal equivalent to the phase difference d supplied from the 
phase comparator 81 , a calculating circuit 82b for effecting 
arithmetic processing to yield the above -described data of two 
coefficients by using the phase difference information 8 which 
is converted into a digital signal by the analog-to-digital 
converter 82a, and a digital-to-analog converter 82c for 
converting the data of the two coefficients deriving from the 
calculation of the calculating circuit 82b. 

The phase shift unit 83 is a unit for shifting the clock 
signal supplied from the N-f requency dividing circuit 2 in phase 
by 7C/2. With this unit, the sine wave function of the first 
term of the aforesaid Equation (6) indicating a component of 
the clock signal having the frequency co can be converted into 
the cosine wave function of the second term of the same equation . 

With this arrangement, the multiplying circuit 84 
calculates the second term of the aforesaid Equation (6) while 
the multiplying circuit 85 calculates the first term of the 
same Equation (6). Further, the adding circuit 86 adds the 
calculation results of the multiplying circuit 84 and the 
multiplying circuit 85 together, whereby the result of the 
arithmetic operation on Equation (6) can be outputted. 

As described above, the arrangement composed of the 
voltage generating circuit 82, the phase shift unit 83, the 
multiplying circuits 84 and 85 and the adding circuit 86 can 
function as a trigonometric function calculating unit for 
effecting adjustment on the clock signal so that the clock signal 
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is synchronized with the data signal , based on the trigonometric 
function calculation using the phase comparing information 
supplied from the phase comparator 81 as a parameter. 

Accordingly, if the parallel signal automatic phase 
adjusting circuit 1-3 according to the third embodiment of the 
present invention having the above arrangement is also applied 
to the transmission system composed of the system components 
100A to 100C shown in FIG. 19, the parallel signal automatic 
phase adjusting circuit 1-3 functions as follows. That is, 
when a set of parallel signals are transmitted between the system 
components 100A to 100C, a side of component, which receives 
a set of data signals in a parallel fashion together with the 
clock signal, can compensate for the phase difference between 
the clock signal CK and corresponding one of the data signals 
DTI to DTn at the preceding stage where the data are supplied 
in synchronism with the clock signal. 

That is, the phase compensating circuit 80-1 to 80 -n 
provided on each data channel calculates the coefficient values 
based on the electric signal corresponding to the phase 
difference 6 between the inputted clock signal and the data 
signal, whereby processing equivalent to the arithmetic 
operation expressed by Equation ( 6 ) is carried out and the timing 
for extracting a target data piece from the data signal is 
adjusted. 

As described above, according to the parallel signal 
automatic phase adjusting circuit 1-3 as the third embodiment 
of the present invention, it becomes unnecessary to provide 
the variable delay circuit 103-1 to 103 -n and the PLO 104-1 
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to 104 -n of each data channel, unlike the case of the circuit 
shown in FIG. 22. Accordingly, the system can be remarkably 
small- sized and at the same time, cost can be reduced owing 
to the reduction of the number of components constituting the 
system. 

(d) Other Disclosure 

In the above-described circuits of the respective 
embodiments, except for the first and second modifications of 
the first embodiment, description has been made on a case where 
the arrangement of the present invention is applied to a system 
for transmitting and receiving a set of parallel signals. 
However, according to the present invention, as for example 
shown in FIGS. 8 and 9, the arrangement of the present invention 
can be naturally utilized as an automatic phase adjusting circuit 
provided on the upstream side of the component which converts 
a set of parallel signals into a serial signal. 
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